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POWER SUPILY DRSIGN FOR HADRON FACILITY

G. Karady+ J. Kanspg
EBASCO Service
abstract
Recently, & study investigated the teanlbllity of

building a lszge 60 CeV, kaon factory accclerator,
This paper prements the conceptual deslgn of the magnet
pover supplies and aenergy storsge sysiem. 1In thig
study the toilewing three systeas wers Lnvest)lgaced.

(a) power supply using storage generaror.
(b) power supply using Inductive storsge device,
(c] resonant power supplies.

These systems wera analyzed frow both rechnical and
eConomical polnts of view. It was found that all three
Aystems are feanible and can be bullc using

conmercially gvallable components.

From a technical peint of view, the »
. ystem uain
induetlve atorage (s the most advantagecus, ‘l'h:
Tesonant power supply lr the most econom!cal solution.

A.__POVER SUPPLY USING STORAGE OENERATOR

INRTRQOUCT [UN

The Advanhced Hadron Facllity consists of an oval
shape ma.n ring with 80 magnets oonnected in asarias.
The magnots Iln the main ring loop have 0,068 W
tnduatanas and 0,106 ohw reslatence, including the
busbar lnductances and resistancea. Tha Malin Ring
Ganeral arrangement Ls shown in Fig, 1. The required
maghet ourrant 1s shown in Figure ?a. 'The caloulated
vaoltage and power needed to drive the aurrent through
the loop ia shown In Figures 2b and o. Tria ayatem
oparatus with a 3.3 Ha frequency and the oparatlon
eyole la dividad into four periods:

o lnjentiont The powar supplies keop Lhr magnet
Surrent conatant at 10UOA uhigh rugulirea low
voltage and powdr.

a Aageleration: The power supplinp increase tha
gurrent rapidly from 104G A to 10,000 A. This
regujres high voltago anhd pover beunude the
anorgy storad in the magnets fnorenses from 6.\
MJ to 30 M),

o Flat tupt The puver suppling keep the magnet
gurrent constant at 10,000 A, whioh requires
relatively lov voltage and power.

o Resats The power supplies producn larg: negative
Voltage to reduge the ourrent and cneruy stored
in the magnet from 10 WA ur 3i MJ to VOUUA or
0.37 WJ, reaspeutively.

DESIGN CONSIDERATIONS

The magnhetl dasign atudies indinate that the
magnet's tnsulation to ground can be egohonicnlly
dealghed to withatand up to 10 KV pask voltagn:. Thia
auggeata that the power supplies should bn ulptributyd
along the ring to kesp the voltags to ground ioma than
10wV,

Thann requirosenla conulled tn Lhe divinlon of the
laoop Inte sin meatliona an nhown in Figurs V.

H. A, Thieasan J. Schneider
Los Alamos Natlonal Laboratory

Flg. ! Main Ring Genersl Arrangement

Flgure 2a showe that during the flat-top and
injectlon periad low voltage [s needed to maintain the
ourrent. But, during the acosleration and ruset
period, high voltage 18 required to lnoreass or
deoresse the gurrent., This can bo aohlevod by uaing
aix, high-volinge pover supplies. These operate only
during accolaration and reaset perjod. They are
bypassed during the Injeation and flat-top pariod, whin

two low voltnhnge powver asupplies keep the requlired
ourrent constant.

During the acocleration period, the powar suppllies
operate as roctifiers) but during reset, they operate

s lnverters which requlre full thyriator controlled
bridges.

aawv
. —i
-g- ;
LY
[YD VN YIS O JONC U T A AN AN Y
0 80 300
— 12R0 MW
t
.4
g ,-
o
-0 MW
,_1_.L4_J._|_|..Ll_|_j.u.l.l_|.1J
[ 11 [T
10hA
LOS A
Lodededdde ) b dr b L. o
] no 00
TIME {muea)
Fags 0 Haldn Bing Yudbage, Powor am) Current

e, Kaeady in prosonbly S0P° Piolepsnur at Arlsona Male
UnlversiLy



[

The dc current ripples disturb the beam. The
permitted rippln current ia less than 20 A. The syatem
analyses showa that this oan be aahleved by uslng 24
pulse operatlion and ecapacitor filteras. A further
advantage ia that this syatem ocan be controlled every
694 us by adjusting the firlng angle of the thyrlstors.

The power supplles drlve variable current through
the magnet loop. The magnetic fleld gonerated by the
loop ourrent may produce disturbances in electrlioal and
electronla olrouits loocated near the accelerator. In
order to reduce or ellminate this magnetlic firld, the
magnets vill be interconnected in suoh a way that they
form a dual loop as shown Lln Figure 1. In this
arrangement the magnels will be connected an that the
magnetlc fleld at each magnet will be In Lhe name
direction but the external field disturbances will be
minimized by providing a return currenl path.

During tho acceleratlon period, the power aupplies
draw# about 34 MJ to charge the magnets, whlch results
in 1200 MW peak power. During the reset perliod, the
povwer supplies remove 34 MJ eaergy from the magnetls.
This operation requires a la~ge energy storage device
because the local slectric netwark is unable to supply
this large pulse load. Capacitlve, Inductive and fly-
wheel generator energy storage systems were comparaed.

The atudy indloated that at the presenlL time the
fly-wheal generator ia the most economical atorage
device because several large surplus nuolear ganerators
are avallable in the U.S.

SYSTEM DESCRIPTION

a) Power Supplies

The syatem will be supplied by slx, high-voltage
and two, low-voltage power aeuppllisa. Figure 3 and U
show the one line diagram of a high- and low-voltage
povwer supply. Hoth powor supplies operate ln 24 pulse
mode and consist of two twelve pulso converters
aonnegted in serles.

Th. twelve pulse converters in the high voltage
power supply are bullt with two thyristor bridges
oconnected In series. Each bridge i1s rated 3 kV,
4200A(avg). Each leg of the bridge aontains a
thyriator module with three llquid-oooled high voltage
thyristors. Tha module is rated to 6 kV and 1400A
(avg), The thyristors are squipped with anubber and
firing oirouits, Each bridge 18 shunted by a bypass
whioh gonsists of three thyristor modules in parallel.
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The gunverter |s proteoted by Metal Oxlda (MOV)
surge arreslsrs and equipped with filter capacitor.
.The diaconnect switches permit reduced power operation
of the systom during the malntenance or fallure of a
converter.

The twnlve pulse aonverter Iin tho low voltage
power aupply ls built wlth two thyristor bridgea
gonneated In parallel. Each bridge ias rated to 500 V
4200 A (avg). The bridge is bLullt with six, high-
powor, liquld-oooled thyriators, It |s protocted bv
MOV surge nrresters and equipped with disconnect
owi tchea.

Both the high anil low voltage converters are supplied
by a polygon/delta/wye connected tranaformer. The
seaondary voltagnas of these converter tranaformer wi'l
ba shifted by =7.5° and 37.5° relative to the primary
voltage If mupplinu by positlve sojuence voltage. IT
it 18 supplied by negative sequonce voltage the phase
shift will bha =22,5° and ¢7.%%, The gonverters will be
connegied In sorlea and thus oporete In 24 pulsa mode.

The 20 pulsn converter mode will produgce a smooth
do ocurrent. Only two (2) 150 VAR capanitors are
noaeded for [lltering on the do aide of eavh gonverter,
Earh gonverter generates harmoniaos on the ao side.
The.e harmunies pruduce disturbances in the prisary ac
puWwer networrk and say cause overheating {n the fly=
wheel genarator, The harmonics will be reduased by
filtears conneoted direoctly to eaoh ononverter
transformer's primary terminala. Eaoch fllter will
conaiat of a tuned olroult (for the 11th & 13th
harmonios) and a high pass unit for 23rd, 25th and
higher order harmonigs.

b) AC Sygptem

The ona line diagram of the ac system is shown in
Figure 5, The ayatem conalats of a fiy-whusl guneraler
Wwith forced eNoitation. The fly=wheel generator will
he a surylus nuulear gensrator rated ahout 1000-1200
MW. The gonerator rotor has to be reinforoed to permit
the startup by o varladblo speed drive devioe.

The gunarator will be driven by a variable apesd
drive systom, which will consist of a load commutated
recLifier=-invorter aystem. This system rectifi.es tne
voltage of tha 13,4 kV, 60 iz and the inverter oonverts
this do vnitage to varlable frequenny ac voltage. The
variabla froequoncy ag atarts and drives the gnnerator
a8 A aynchrononn motor, The generator aspend aan be
adjusted nccuralely and the system draws constant pover
from the 60 Hz ac syatam. 'Tha power wili ha kent
nonnpLant, by Lhe gale control of the Lhyriators ln Lhe
reubifior/inverlor olreulius,
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Fig. 5 Aa System with Flywheel Generator

During the acceleration perlod the gunerator
together with the variable speed drive supplines the
snergy to all magnets through the convarter ayatema. !

During the flat top perliod the variable speed
drive will provide energy for both the generator, which
18 acoelarated as a motor, and for the two low voltage
reotifiers supplying the magnets.

In the reset period, both the anergy recovered
from the magnets and the power supplied by the varlable
speed arive, accolerate the ganorator and Inaorease the
generator frequency nearly to the initial lesvel.

During the short {njection perlod, the varlable
fraquency drive wgain supplies energy for both the
magnet (through the two low voltage reatifiers) and for
the generator (which 1s accelerated).

The gonstant power of this varlable frequenaoy
drive will bu peleoted in such a way that the original
frequency ia restored at the and of the injeantion
period. It s aatimated that the syatem draws more or
1e8e gonstant load of!17 MW from the 13.4 kV 60 Hz
busbar.

The onv-line diagram on Fig. 3 showa that the
genarator and the Inverter outputs will ba conncoted to
a 73.8 uV varlable frequenay busbar directly, l.e.
without .a generator alrouit breaker. The magnet power
supplies will be located at the alx power supply
buildings and they will be Jupplied via power ocables
from the variable frequenecy busbar. Current 1imiting
reagiurs will be lnwerted in sach power feeder tu limit
the short-cirouit to 1000 MVA and will permit the use
of standar¢ metal enclosed switohgear,

OPERATION ANALYSES

A oompular model has bean develnped for thin ntudy
of the powar supply operation. This model almulated
\he 14 pusse cperatien snd confirmed Lhal the do
aurrent harmonics and ripples are less than the

|
maximum permisnible value, assumin

g proper flring.
-However, the ririug lnadquracy may Inarease huruonfc
oontent ani produco beam disturbanae. '

The study of generacor operatlon reveslad that the
generator 4lll operate in a tranalent mode because of
the rfast (50 ms) extractlion of power. Translent
operation Inereases the rotor current and inducea
unsesirable rotor heating. Thias hesting effect haa
been studind by Urown Boverco., The study oonfirmed the
prediotad rotor current increase but showed that the
1000 MW gennrator will be able to operate In thla mode

Without any danger.

COST ESTIMATE

The cosl estimate of the designed syatem assumed
that the power suppliey will use standard U.S,
manufaoctured thyriator modulea. The ocnverter
tranaformers are similar to the tranasformers used at
the Prinoeton TFTH Tokomak Fusion Reaotor. The aotual
purchase price of the transformers wore esoalated, The
generator was assumed to be available free of charge,
therefore only the transportation, fundation and
auxiliary equipmant gosts are included. The operatlon
0ost estimated by using the galoulated syastem losases
and the DOE recommended present value (20 years
operation time) multiplier. The total estimated coat
of the eleatric systams is $145-155M. The eatimated
hardware and Inntallation cost is $95-10CH. The

;;;aont value of the operation malntance goat la $50-

CONCLUSIONS

The elactrical power systea la deaigned for the
Advanced Hadron facllity acceleratlon. It haa the
following major atiributes:

0 The system can be bullt with proven,
oomponants

tested

0 The ayntom operation is verifiad by jomputer
analysos

o The nystem Jraws gonatant power from Lhe ag
networrk

o The dunign 18 gost offeative

o Tha hardwnre and operation cost ratlo la
apprrox imnlaly two
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B, POWER_SUPFLY USING INWCTIVE STORAGE

Tha genersl system arrangement is shown in Figure 1.
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Fig, 1 Inductlyc Storage Concept

The main ring magnets will be supplied by asix high
voltage and two low volrage power suppllies., These
power supplies drive & trapezoid shape current wave
through the magnets.

The power supplies sre identical with those shown
in Pigures 3 end 4 In part A. The inductive energy
scorage devices are air cocled reactors, which are
supplied by similar power wsupplies. During the
operation, the energy is exchanged between the magnets
(L) and inductive energy storage devices (L. ). The
lo"lti are supplied from the locsl electric nofvork.
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Induztive Btorage Using the ldenticel Ring

Mg, 2

Figure 2 shows a variation of this circult, which
corsists of two jdentical accelerarors (LM and L),
The two accelerators operate in & push-pull mode, 1?3..
where L is in the accelerator period, L. is in the
reser  period, Therefore, the energy Pﬁom LM ie
transferred to L. . This arrangement assures the high
level of Componeng"utillzltion and economic operation.

SYSTEM OPERATION

The requijred magnet current, voltage snd power sre
shown In Fig, 2 of part A,

This system operates with 3.3 Kz frequency and the
operation cycle is divided jnto four perjiods:

o Injection: The magnet power supplies keep the
magnet current constent at 1040 A which requires
low voltage s&nd power, The high-voltrage power
supplies are bypassed; only the low-voltage
power supplies are opersting as rectifiers. The
inductive storage povwer supplies (L..) are
operating as rectjfiers and ndjuatf“g the
current of LCH to 10 kA.

During this period, the electricel networ}
supplies the system loss, which is s constant
1oad,

o Acceleration: The magnet power supplies
Incresse the current repidly from 1040 A to

10,000 A, This requitres high voltage and power
because the energy stored In the magnets
increases from 0.37 MJ to 34 MI,

All the magnet power supplien operate as
rectifiers.
The inductive storege power supplies are

operating as inverters, reducing the current of
L from 1040 A to 10,000 A, The energy etored
hEUQ avppl jes the magnetu. The electrical
network suppllies the system losses,

o Flat topt The wsagnet power supplies keep the
magnet current constant at 10,000 A, which
requites relatively low voltage and pewer, The
high-voltage power supplies sre bypassed and L' »
low-voltage powar supplies ere operating as
rectifiers,

The inductive storage power wsuppliea are
adjusting the current of LcH to 1040 A and

teplacing the energy losses,

Again the electrical network js 1oaded with the
system losses.

© Hesett  The magi.at power supplles produce large
nagative voltage te reduce the current and
energy wstored In the megnet from 10 KA or 34 MJ
to 1040 A or 0.37 MJ, respectively,

The magnet power supplies are ocperating as
inverters, The energy storage power supplies
are opersting ss rectifiers. The energy stored
Iin  the wagnets aere transferred into the
inductive storage devices (Lc").

Agnin, the electric
systen losses.

network [n loaded by the



computer

than

installation
operation cost is $60-65M.

COST ANALYSES
The 8ystem loases were calculared vaing rthe
progiem developed for the storage generat
The calculated losses are 20 My. These ar: h?gher t::n
the logses calculated for the storage generatur because
the loases in the individual storage devices are nigher
in the generator, However, if the push-pull
system is umed their losses are divjded between the two

systems, which increases the system econ

omy. The
present value of the lcsses wers colculared using cthe
DOE recommended metrhod, The total estimated cost of

the aystem is around $200 M;
cost is

the estimated hardware and
§135~140M, the present value of

C.__RESONANT POWER SUPPLY

INTRODUCT ION

The Advanced Hadron Facility {3 a future kaon
producing accelerator {n Los Alamos. The particle beam
{8 accelerated by RF cavities and directed by magnets.
The main ring will be built with eignty large magnets
connected in series and arranged in an oval-track shape

loop. The power supplies drive the current through
this loop. The required current wave shape ls shown in
Flgure 1, The wave repetition frequency is 3,3 Hz and

the wave ls divided into four periods as shown In
Flgure 1, This wave can be efficlently generated by a
resonant power supply. Several publications deal with
the resonance power supply; recently W, F, Praeg [1-2]
developed a circult, which is able to generate current
waves with a flat top and bettom, The purpose of this
paper is the engineering design of a resonance power
supply for a large, 3% MJ accelsrator,

SYSTEM CONFIGURATION AND MODEL

The main ring loop of magnets will be divilod into
20 sectiona and a high voltage resonant power supply
will be connectad in aeries wlith each saotion. This
arrangement assumes tiat the magnel voltage to ground
{a 10kVY or lean. The conceptusl ona linn diagram of a
resonant pownr supply is shown in Figure 2. The system
has neen modeled using the Micro-Cap 11 conputer

program. The model circuit L= ahown in Figure 3.
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Fig. 2 Conenptual ono-line diagram

The magnet and chioke {5 modeled by an inductance
and resistance connected in seriea. The magnet and
choke power supply is mudeled by two programmable
voltage sources connected In seriaes., These voltage
sources are turned on during the injection and flat top
period and bypassed during acceleration and reset
perjod. The voltage source representing the cnoke
power supply provides a short duration voltage pulse,
which replaces the energy loas in the circull.

The capacitor banks are modeled by a capacltor and
‘a 8series reslstance to represert the sum of the cable
interconnections and bus resistances,

The by-pasna thyristor awitch is modeled by two
switches connected in parailel. Each switoh connlsts
of an equivalont resistance, voltage source and a
voltage controlled switeh, The resistance and vcltage
source simulatoa the forward voltage drop of the
thyristors, Lhe voltage controlled switoh simulates the
turn on of the thyristors.

The capacitar bank thyristor switeh is modoled by
one voltaga-controlled switoh.
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ANALYSLS OF SYSTEM OPERATION
The curront, voltages and loases were calaulated
by the MICRO-CAPI] program,

In ordor to optimize the syatem operation, the
paramater valuns huve baen varied until the optimum
vonditions wern nohinved,

Tne calnulnlod power, vultuge and current -ave
forma parmit the analysis of the oparatlon and allow
Lthe dotermination of component ratings.

Using the obtsined values esch mjor component was
designed,



MACNET POWER SUPPLY

The one llne diagram of the magnet power supply is
shown In Figuro . The baslc elemsnt of the system ia
a standard brldge converter with liquid cooling. A
sultable unit is a standard thyristor assembly whlch
rated for 600 V and 4200 A at 3 gallon/minute flow
rate. Thls unlt uses heavy duty disc thyrlstors.

Two units connected ln parallel form a convertar
which operates In a twelve (12) pulse mode. This
converter is supplied by a polygon/wye/delta
tranaformer. Two of these converters are connected in
serles and oporale In a twenty-rour (24) pulse mode.
The twn nanvertears connected in series form a magnet
puwur gupply which Lo rated ab » L0u vV, 6 KA (ave), 10
kA peak.

The secondary voltages of a polygon/delta/wye
connegted converter transformer will be shifted by -
7.5° and 37.5° relative to the primary voltage If
suppli~d by positive sequence voltage. If |i la
supplled by negative sequence voltage the phase shift
will be =22.5° and *7.5°.
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Flg. I Magnet Power Supply

CHOKE POWER SUPPLY

The ohoke power supply one line d! agram 1s shown
in Figure 5. The current regulator charges the
capacitor bank through the diode bridge by constant
ourrent. The capscitor bank is discharged by thyristor
Switoh M1 & M2 during the injeotion period and replaces
the energy loss in the oirouit. The dlodes provide a
aurrent path for the inductive ourrent and prevant over
voltagea.
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BYRALS THYRLSTOR GWlTel

The compulor simulation ahown that Lhe bypaan
switoh han Lo condust In bolh directions.  1nn ponitive
gurrant Cluwn durdng the Flat top pariod and negative
ourrent. durtng the injauvtion pmiod,  Thin tequires Lo
saparate thyristor awltehes, ono for Lhe poaltive (5W2)
and one Foir Lhe negative diveebion (GWl).

The poaltive awiteh turnn on at the heginning of
the rlat Lop period, Lthe negative pwileh al the
baginning of Lhe injeation perlod. In hoth wanma,
befors turning on, the switoh voltagen are praotically

zoro and Lhe awlleh diverta about 9kA current from the
capacltor bank InLo Lhe awiLch,
NEGATIVE
SWITCH
?owi

20vV, 1 4KA
10 KA (MAX)

POSITIVE
SWITCH
Sw2
204V
4 3 uA (AVG)
P kA (MAX)

Flg. 6 Dypass thyrlstor switch

A% the and of thelr respective perlods, both
switches turn of f and the awltoh current ia dlverted
into the large capacltor bank connected In parallel.
In both chaes Lhe recovery voltage lncreases slowly.
This pormits the use of gate turn off (GTO) devices for
the current interpruption. .

The bulldling block of the Is a switch-unit which
conalsts of Lwo Lhyristor modules and a gate- turn off
switeh (GTU) modules connecleod in sorles.

The Lhyr'iator moduls is built with Ffive water
conlad high voltage thyrlstors and rated to 10kV and
100 Armn.  The GTO awitceh conslats of two water cooled
GTO devlice:r cunnected in parallel and rated 1000V and
1I00A,

A MOV (mntal oxlde varlstor) and a RC Sunubber
elrouit 1s eonnegted in parallel]l with each device to
equalize the vnltage distribution and reduce
ovarvoltagon. Each deviae has a gate alrouit., The
posltive awitch has four, the negative hna two unlits
connnoted in panrallel., Both the thyristors and the
GTU's are Lirlggerad simultaneously when the awitch s
turned on. The awlteh is turned off by the GTO devices
whioh Intarrupt Lhe awitor current within a few
mleronecondn.

The slow rining recovary voltage pormita the
delonlzablion of the Lhyristors and Lthe blocking of the
20 kY ponk reoovery voltage.

CAPACITUIR BANRS

Each rononance powar supply has Lwo capagltor

banka, The donlgn data arn shown In Table N
Table 1, CAPACITOR DANKS RATING
Bank 1 Bank 2
Numbiern ] 20
# A AT 29800 yr
Vunnk 20 k¥ 10 k¥




The capacitor:s bank will be divided Into five capacitor
bank units. kach unlt consiats of up to 200 capaclitor
caia, each can 13 -ated for 40O kVAR and 20 kV or 300
kVAR and 10 kY. The capacitors are single phase (one
bushing) standard distrlbution type units, Each
capacltor can Is equipped with current limlting luses.
Tre luses are rated to withstand a ourrent of 15 kA
peak as well as provide protectlon to prevent the
rupture of the cans In the event of capacitor short
aircult.

The caparcitor bank units have five vertical racks
bolted together. The aluminum strueture serves as a
current return path, Each unit wll) be mounted on six
post type 15 kV insulators.

The capacltors are connaected In parallel with bus
bars rated 8000 A rms,

CAPACITOR BANK THYRISTOR SWITCH

The bl-directlonal switch operates only during the
acceleraticn perrlod and conducts current In both
direcliona. The swhbeh han o posdlive aned o nepal lye
branch. The pouitive branch consists of Lwo thyrjstor
modules connccted in serles. Thesa modules are aimllar
to those usecd In the bypass awltech. The negatlve
branch is built with two diode modules connected in
series,

The CSW2 switch {s turned on when the acceleratlion
period starts. The switoh conneats the Capacltor Bank
2 (C2) In parallel with Capacltor Bank 1 (Cl). The
openlng of bypass switch (SW2) will divert the magnet
and choke current to the capacitors. The capaclitor
ourrent reaches the -9 kA levsl very rapldly and then
the ourrent Increases to the 9 kA level rollowing a
cosine curve. When the aurrent pelarity changes the
CSW2 switch, it turns off and the current flows through
the diode modulus.

When the current reaches 9 kA, the bypans switch
turns on. Thls dliverts the current from the capacitor
bank to the bypaas switoh. The Capaclitor Bank current
will then reduce rapldly.

AC_SYSTEM

The an ayatem conalsts of a main subatalion and
tweniy distribution substal.lons. The maln nubaltation
will be supplied from the 115 kV line through a 60 MVA,
Y15/13.0 kV tranofoi'mer. The awitchgear will be
atandard 13).2 xV metal elad awitchgear wlLh nix bnys,
Fiva (5) bays will be equlpped with circult broeakers
and the alxth will be equipped with potentlial
tranaformer's and meterling.

The Lwanly dilstrlbullon stallons will be
diatrlbuted Along Lhae mnin magnet loop. Two ring
fecdars Mrom Lhn maln atatlor switchgoar will feed the
dislribution atationa.

TANLE 2
AC Syslem Load

1'(MW) Q(MVAr)  S(MVA) Durattion (mm)
INJECTLON In,2p 2.9 th,ny 50
ACCELENATION 15,073 n.m 15,0} ™
FLAT TOP 13.00 13,10 3. 1H0
NESET 15,03 o.m 15,083 5

OPERATIONAL ANALYSIS

The system operation has baen analyzed and the
maximum load has been calculated, The analyses
revealed that the system requires reactive power
compensation and harmonie flltering. A 12 MVAr filter
Is selected, and connected to the maln substation bus
Yar. The AC system load {s shown in Table 2.

Table 2 indirates that during the flat top perlod
the system will load the local ac notwork with an 18MW,
150ms duration pulse, which may produce dis.urbances.

The cost estimate of the designed system assumed
that the power supplies, switches will use standard
U.S. made thyristor modules. The operatlion oost
eatimated hy using the caleulated system losses and the
DOE recommonded preaent value (20 years operation time)
multiplier. The total estimated cost of the elactric
systems 13 $125-130M. The estimated hardware and
Ilnstallation cost is $75-80M. The operatlon cost is
$50-45M,

CONCLUSION

The englnnoring deslgn of the eleztria syatem of
the main ring power supplies shows that:

o The resonant powsr supply can be built with
standard commarcially avallable components.

o The most crlitlecal component 18 the bypass
awlteh, whlch requires gate turn off thyristors
(GTO) connccted In parallel,

o Standard motal elad awltchgear can be used for
the AC nyastem.

o The reaonant poWwer supplies ciin be fod dlrectly
from the 115 kV utllity network. But the
reganance power asupplles draw pulse-loads from
the utility network. The 18MW, 150 ms duration
pulae may produce disturbances,

o AC Tilter and raactive power compenaation s
nenderd ror economle operatlon.
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D. EVALUATION
The three naystems ware compared from the

tachnjcsl and economical point of view. The results
are summarized jn Tables 1 and 2.

TABLE 1.

TECHNICAL PERFORMANCE COMPARISON

Thyristor Converter

and

Storage Inductlve Resonant

Generator Scorage P8
Peak power loading 15 W 15 W s
Power fluctustjons None None 20 M

Operation experlcnce Good None None

Reliabiliry Medjum Good 7
Mgintenance Nigh Low Med{um
Reactive power 5 WA 5 WA 20 M/IA

conaumption

Loss M 17.1 20 17.00
Con:rol Good Easy Difficulr

—_——

Table ! shows that cthe inductive storage system i»
mosr sdvantsgeous In ctaechnlcsl point of view; emcept
the higher losses. Particularly adventageous ls that
this systes requires @ aimple control snd sl1
components sre availsbie commercislly. Both the sir
cooled {nductances and the Lnverter/rectifiers are well
developed and testred equipment.

The disadvantsge of the resonant power supply ls
the pulee loading of the elactric network,

TABLE 2
COST COMPARISON

———

Thyristor Converter

and
Storege Inductive Resonant
Generator Srorage PS
i 77.80 M
Hardvare $ 97.06 M $140 M §
Op:rltlon § SL.45 M 860 M § 51.00 M
TOTA‘I-.——----_- ) §148.5 M $200 M $5128.8 M

The cost comparison shows that the most economicsl
syatem s the Resonsnt Power Supply. The cost :l
inductive storage devicea becomes sttractive Lt the
push-pull system with two identical rings are used.

CONQLU SI0N

1. All the three systews are suitsble for the Kaon

factory sccelerator.

2, Each eystem can be bullt wirh mootly standerd
commercially svailaeble componants.

3. The mont critical component Is \he hypasn switch in
the Resonant Power BSupply, becsuse this switch
requires gaie turn off (GTO) thyrlstors connected
in parsllel,

4, Stendard metal cled switch gesr can be used for the
ac system.

5. The aystem with
Storage produces

storsge generator or inductive
coratant load on the sc system.
Resonant Power Supply drswse pulss loads from the
utilley netwerk., The 18 M 150 ms pulse may
produce dieturbances.

6 The pulse loading of the storsge generator produces

rotor hesting which will require Purther
investigation.
7. The most economical system ls the Resonant Power

Supply.



